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The Problem

The purpose of this report is to propose and to perform an initial
evaluation of new concepts for the extinguishment and for the control
of urban mass fires resulting from nuclear weapon attacks.

One of the primary objectives of civil defense is to minimize
casualties and property damage from urban mass fires. Unfortunately,
current metropolitan firefignting manpower, equipment and techniques
will almost certainly be inadequate for extinguishing or controlling
the multiple mass fires to be expected from a nuclear attack. Thus,
there is merit in conceiving, evaluating and developing new procedures
for dealing with these fires so that the civil defense objective may
be realized.

The Findings

Possible countermeasures for extinguishing or controlling urban
mass fires were investigated and evaluated. The evaluations led to
some reconmendations for the direction of any future physical research,
development and further evaluation.

The authors conclude that firebreaks can be effecti;a in cities,
provided that they are made correctly, rapidly and in adequate width,
and provided that they are diligently tended by firemen.

The probability for controlling an urban mass fire by some combina-
tion of firebreaks and then letting it burn out is greater than that
for extinguishing it in toto; however, extinguishment efforts for
sections of a mass fire seem hopeful, particulary in connection with
control efforts. Control countermeasures and extinguishment counter-
measures should be applied cooperatively when possible,
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ABSTRACT

New concepts for the extinguishment or control of urban mass fires
from nuclear-weapon attack are proposed and evaluated. A synoptic,
illustrative modus operandi is given to illustrate application of each
of these conceptual countermeasures in extinguishing or controlling fires.
The generation or utilization of firebreaks seems to offer the most
promise. Specific recommendations are made concerning the direction of
future study.
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SUMMARY

The Problem

The purpose of this report is to propose and to perform an initial
evaluation of new concepts for the extinguishment and for the control
of urban mass fires resulting from nuclear-weapon attacks.

One of the primary objectives of civil defense is to minimize casu-
alties and property damage from urban mass fires. Unfortunately, current
metropolitan firefighting manpower, equipment and techniques will almost
certainly be inadequate for extinguishing or controlling the multiple
mass fires to be expected from a nuclear attack. Thus, there is merit
in conceiving, evaluating and developing new procedures for dealing with
these fires so that the civil defense objective may be realized.

The Findings

Possible countermeasures for extinguishing or controlling urban
mass fires were investigatcd and evaluated. The evaluations led to
some recommendations for the direction of any future physical research,
development, and evaluation.

The authors conclude that firebreaks can be effective in cities,
provided that they are made correctly, rapidly and in adequate width,
and provided that they are diligently tended by firemen.

The probability for controlling an urban mass fire by creating and
maintaining firebreaks and then letting the fire burn out is greater
than the possibility of extinguishing the fire, either in part or in
toto. Conceptual countermeasures leading to the extinguishment of mass
fires resulting from nuclear attack do not seem promising.
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SkiTION 1

INTRObiUCTION

The purpose, background and approach of this study are given in

the present section.

1.1 PURPOSE OF STUDY

The purpose of this study was to propose and to perform an initial

evaluation of the effectiveness and practicality of new concepts for

extinguishing and controlling urban mass fires resulting from nuclear

weapon attacks.

As described, for example in a statement of OCD Task Unit 2525A,

T.O. No. 65-200(43), of 30 March 1965, the work will include but not be

limited to:

1. Reviewing and collating existing ideas for mass-fire

control, including the use of conventional firefighting techniques as a

datum

2. Investigating other promising ideas for mass-fire control.
These ideas would include those within and beyond the existing technology

3. Conducting preliminary cost-effectiveness analyses of the
possibilities and recommending promising lines of development if such are

found to exist,

In this report, no attempt is made to deal exhaustively with any

of the specific concepts discussed; i.e, no attempt is made to obtain
a firm conclusion as to the efficacy of the countermeasure in the

nuclear-warfare context, Such an effort would in fact be premature
because of the state of the art in the areas treated, because of the

present lack of demonstrated technical feasibility of some of the con-

cepts treated, and because of the lack of studius of pertinent economic,

political, and operational factors in other cases.



What is intended by the present report is to present a sufficient

evaluation of the concepts to indicate that some possibility exists that
the countermeasure will be of value, to identify the factors which must

be taken into account in more detailed assessments, and to indicate

specific directions for further research, development, and evaluation.

1.2 BACKGROUND

It is recognized that the civil defense, military posture, indus-
trial capacity and wildland resources of the nation will be jeopardized
by mass fires in the event of a nuclear weapon attack. One of the

important goals of civil defense is to minimize casualties and propertydamage from these fires. The Office of Civil Defense (OCD) pursues

this geal by preattack study, planning, preparation and research, and

by postattack rescue and damage control. A comprehensive state of the
art in such research is given by Gibbons.* Hence, OCD has sponsored

studies of thermal and fire phenomena and effects, and thermal counter-
measures. The present study on radical concepts for extinguishing and
controlling urban mass fires from nuclear weapons is a part of the gen-

eral OCD program.

Countryman 2 a has defined a "mass fire" as one characterized by large

size witb high rates of energy release per unit area., The term includes

conflagrations and firestorms; i.e., fires showing the more violent types
of behavior. In the present report, conflagrations will be conceived as
fires moving as definite, violently burning fronts or "heads" which
usually have a relat4 vely shallow depth., They may be accompanied by
convective columns, whirlwinds, firewhirls, and by less intensely burning
fires in the wake of the moving front. Conflagrations require extensive

fuel beds because they move continually into new areas, They can burn
out vast areas rapidly, given optimum conditions of fuel, wind and to-
pography. The fire spreed is greatly enhanced by windblown firebrands,

Firestorms will be thought of in the classical sense as relatively

stationary mass fires that violently burn out areas of high fuel density,
that develop convective columns which may reach heights of 35,000

feet, 2b,3 a and that generate strong surface inarafts, destructive whirl-
winds, and firewhirls.3 b,4 a,5a, 6 a The strong indrafts preclude moving

fronts, but the whirlwinds and firewhirls are capable of scattering

firebrands that can set fires in neighboring areas, 4 a Virtually complete
destruction of the urban area within the firestorm perimeter will occur
due to the blast-furnace effect from high indraft velocities. Fire-

storms develop from the union of numerous fires burning in a situation of

high fuel density and only light ambient ground winds.

M.G. Gibbons, "State of the Art in Fire Research," USNRDL-LR-122,

15 August 1965 (UNCL).
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Countryman has pointed out that a mass fire with a duration extend-
ing through major topographical, fuel and meteorological changes can
change from P conflagration to a firestorm, and vice versa. 2c Such
behavior is common in wildland fires. Therefore, it is prudent to expect
that a megalopolis could alternately or simultaneously exhibit confla-
gration and firestorm situations under certain conditions in the case of

prolific ignitions from nuclear weapons,

The control of mass fires from either kiloton or megaton nuclear
weapons presents an enormous problem. McNea has predicted that multi-
megaton nuclear weapons can subject 450 to 1200 square miles to immediate
ignition and subsequent burn-out, depending upon weapon yield and burst
height. 2 d,7 Chandler notes that mass fires following a megaton nuclear
attack may be larger and more numerous than those previously known,5 b

but believes (logically and conservatively) that their behavior and rate
of spread will be governed by the same factors as have affected previous
mass fires- Military evaluations of and experience from incendiary air
raids of World War II have shown that the following damage-control
problems can be expected in the case of urban fires from nuclear weapons:

1. The desLruction or immobilization of fire-fighting personnel
and equipment from blast and fire effects.6b,8 a

2, Confusion, fear, and lack of radio, telephone, or personal
communication; the ineffectiveness of fire reconnaissance because of

smoke, fumes and flames.4 b,8a,9a,10a

3. Radioactive fallout or fear thereof.

4. The simultaneous occurrence of two or more mass fires.Sb,6b,8a

5. The blocking of access routes to fires by rubble from fire and
blast, and by fleeing refugees,4c,6 b,8a,lOa

6. A nonexistent or considerably reduced water supply due to
breakage of pipes, hydrants and equipment. 4d,Sb,8a, 10 a

7. The destruction or nonavailability of motor fuel for fire
trucks.4e

It Is considered that these and other unanticipated damage-control
problems will prove to be beyond the capabilities of conventional
American fire-fighting manpower and equipment, especially in the case of
the larger and more numerous urban mass fires expected from megaton
weapons.9b l0 b Thus, there is merit in searching for and evaluating
new concepts for dealing with mass fires,
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1.3 APPROACH

Three important parameters govern the birth, duration and spread
of any fire, including urban mass fires resulting from nuclear weapons.
These are fuel, topography and meteorology.,

Thus the approach taKen in this study is to classify and present

new concepts for extinguishing and controlling urban mass fires in terms
of the above parameters, since a countermeasure will extinguish or
control a mass fire by controlling a parameter that governs the fire.
Section 2 reviews the important parameters briefly as a background for
Sections 3 and 4. Section 3 concerns countermeasure concepts intended
to extinguish urban mass fires thru control of the parameters. Section
4 concerns conceptual countermeasures intended only to control urban
mass fires thru control of the parameters. A brief summarization of re-
sults is given in Section 5 Section 6 is a summary of conclusions and

recommendations.

Conceptually, urban mass fires can be (1) prevented from occurring
by minimizing ignitions from fireball radiation and blast through pre-
fire protective measures (such as smoke screens), or (2) extinguished or
controlled through postignition countermeasures. Only postignition,
damage-control conceptual countermeasures are considered herein. Never-
theless, any massive postignition countermeasure requires much prefire
planning, preparation and training if it is to be applied effectively in
the emergency situation. Accordingly, it should not be surprising that
a few of the conceptual countermeasures presented herein are a hybrid of
pre- and postignition measures.

It will be noted that the concept of using backfires as a control
measure is not treated in this report. Such an approach is eliminated
from consideration for several reasons: (1) the magnitude of the
required backfire; (2) the inability to predict the (often self-generated)
meteorology within the enivronment of a mass fire; (3) the almost certain
unavailability of adequate personnel for such an approach. (However,
see Sections 4.1.4 and 4.3.)

The following were aids in reaching conclusions and recommendations:
conferences with metropolitan fire chiefs; discussions with scientists
and associates engaged in fire, research; discussions with scientists of
varied disciplines related to fire research; a review of the technical
literature on large fires; observations of U.S. Forest Service large-
scale fire tests, and a background of personal research experience in the
attenuation of nuclear thermal radiation to minimize surface ignitions. 1 1
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SECTION 2

PARAMETERS GOVERNING URBAN MASS FIRES FROM NUCLEAR WEAPONS

This section summarizes the parameters that govern urban mass fires
from nuclear weapons: fuel, topography and meteorology., It also
briefly considers the important mass-fire phenomenon of ignition. It
provides a background for Sections 3 and 4 which present conceptual
countermeasures against urban mass fires. Taken together, the param-
eters define the mass-fire environment. It is noted that a much more
detailed discussion of the parameters governing urban vulnerability to
fire from nuclear bursts is given in Ref. 1, USNRDL-TR-1040 of 30 June
1966 "Parameters Governing Urban Vulnerability To Fire From Nuclear
Bursts," (Phase I) by Renner, R.H., Martin, S.B., and Jones, R.E.

2.1 FUEL

The available fuel is obviously a major mass-fire parameter.
Those who have studied mass fires of World War II have concluded that
the aature and disposition of fuels in burned-out European and
Japanese cities resembled those now found in various American cities
closely enough so that devastating mass fires may be expected in
American cities in the even" of nuclear attack. 8 u For example, there
is much backyard rubbish in American cities, a situation that was not
tolerated in German cities which, nevertheless, still contained
enough kindling ior their destruction.

4 f

The nature, extent and disposition of the fuel will govern the
origin, spread and behavior of a mass fire. Concerning urban mass fire,
the fuel elements are the buildings themselves, gasoline stations, city
gas tanks, lumber and coal yards, manufacturing and chemical plants,

etc.; in brief, the entire metropolis is potentially a fuel bed. The
extent and disposition of the fuel elements are complex and variable,
and wide natural or emergency fire breaks in the fuel bed are obviously
beneficial to fire control. The fuel in vast residential and suburban
tracts consists essentially of readily combustible buildings. The fuel
of hardened industrial and chemical plants is mainly the raw and
manufactured products. The fuel in a central business and residential
district is found largely within fire-resistive buildings and ordinary
brick-concrete type buildings, but may be ignited by (nuclear) thermal
radiation entering the window.
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The majority of central buildings are old, have brick-concrete
type exteriors, and contain much wood and combustibles within. The
iulnerability of these buildings to fire is shown by the serious fires
that occur in them occasionally, and by the burning of the interiors of
German fire-resistive buildings during World War II from incendiaries

entering the windows.4g Nuclear blast effects will expose combustible
interiors to fire and will block street, with combustible debris. A

great number of interior fires can be expected to spread rapidly to form
a mass fire, due to high inside fuel densities, building congestion,

blast damage, and narrow asphalt streets which will soften and could

burst into flame. German wartime experience showel that the most effec-

tive way to fight a central-type mass fire was to locate and extinguish

interior fires floor by floor in buildings on the perimeter of the mass

fire, rather than to erect water curtains with fire hoses.4 h Both
methods would, of course, be impossible on an extensive basis in a

nuclear-warfare situation.

2.2 TOPGRAPHY

With respect to fire problems, the topography of a city properly
includes its relief; the configurations and relative heights of its

buildings; and the positions of water bodies, rivers and open spaces.

The largest American cities are built on relatively flat land, with
a few exceptions such as San Francisco. Steep, large hills and ridges,

as found in the San Francisco Bay area, are potentially capable of
modifying the effects of fireball radiation and mass fire, since they
obstruct the linr of sight and moreover frequently determine the local

weather, winds and heavy fog cover. Thus, hills and ridges could shield

contiguous neighborhoods from thermal radiation, provided that the
weapon is detonated low and far enough away.

Fortunately, many large American cities are adjacent to sizeable
rivers or large bodies of water that may serve as hose supply, firebreaks,

or (as des-ribed later) water supply for new countermeasures to extin-

guish or control fires.

That a conflagration accelerates uphill has been observed in some

cities and in numerous wildlands.2 el 2 Forest fires roughly double their

speed and intensity with each increase of 15 degrees in slope. The
phenomenon is due to fire-engendered upslope winds and to greater con-

vection-radiation heating of uphill fuels. 2e These effects probably

also enhance the upward and outward spread of fire in vicinities packed
with buildings of differing heights. Conversely, downhill fires spread
relatively more slowly than uphill or flat fires, except when consider-

able quantities of burning debris are falling or tumbling.2 e,12 For
this reason, barren or only moderately developed ridge lines can serve

as good firebreaks on the lee side of a conflagration.
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2 .3 MR0UtWGY

Meteorological conditions play a most important role in urban fire

behavior.

First of all, it is noted that rainy, foggy, cloudy or smoggy con-
ditions can attenuate fireball radiation and so decrease its kindling
abilities. 13a Intensive and prolonged rain is obviously beneficial to

the extinguishment of large fires. A high atmospheric humidity causes
a high moisture content in a fuel, and this increases the ignition tem-

perature and decreases the combustion temperature until the fuel dries
out in burning.

Surface wind is a particularly critical factor with mass fire.
Gentle winds or a calm favor the coalescence of fires into a firestorm.
For example, wind was almost totally absent shortly before the incendiary
raid that caused the famous Hamburg firestorm of 27 July 1943.3a Strong
winds develop conflagrations and determine rate, direction and distance
of fire spread. For example, a wind of about 25 mph caused fire to
spread across Tokyo as a flaming wall after a mass incendiary raid on
9 March 1945,3a Chandler5c has pointed out that strong winds will
cause conflagrations to advance in surges, to spread by firebrands, and
to traverse cities at speeds up to 3 mph. With more gentle winds, the

advance will be slower and steadier, and will probably average 0.1 to
0.5 mph.

The fire parameters, meteorology, fuel and topography change their

characteristics with season in many American cities. The particular
nature and intensity of the change depends upon the city in question.
As an example, winter brings arctic conditions to some cities. It
decreases the combustibility of exterior fuels by cooling, wetting and
burying them in snow and ice; increases the reflection and scattering of
fireball radiation via snow cover; and increases the difficulty of fire-
fighting due to the inclement weather, freezing water, and snowy terrain.

Mass fires frequently change local weather conditions and substitute
their own. Rain frequently accompanies a firestorm, apparently resulting

from the condensation of moisture on particles from the fire when they
rise to a colder region. Rain resulted from the Hiroshima fire storm
that resulted from atomic bomblng. 13b The association of strong indrafts,
whirlwinds and firewhirls with firestorms and conflagrations was
mentioned previously.

2.4 IGNITION

The ignition capabilities of both fireball radiation and mass fires
are important to conceptions of urban fire defense.
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Nuclear weapons can start fires directly by exposing kindling
materials to thermal radiation, and indirectly by blast effects on gas
facilities and electrical appliances. Concerning fireball radiation,
the area density of ignitions for a given height of burst increases with
exposure time (that is, with weapon yield) and decreases with distance
from detonation. Fires may be expected at ranges that exceed those at
which blast effects produce appreciable debris.6 c Fuel, topography and
meteorology conditions affect the ignition potential of fireball radi-
ation as described in the above summaries.

Mass fires spread by new ignitions from firebrands, flame contact
and radiation. Fire spread from firebrands scattered by wind, whirl-
winds and convective columns is well known in wildland fires, and has its
counterpart in urban mass fires.

The role of mass-fire radiation itself in producing new ignitions
and fire spread is currently open to question. Countryman has observed
that radiation had iittle effect on fire spread in U.S. Forest Service
full-scale tests of mass fire, and has commented that this confirms
observations on wildland fires and some laboratory tests. 2 f He observed,
as did Evans and Tracy at other full scale tests,* that a particularly
slow melting of snow close to the fire pointed to the ineffectiveness of
radiation in producing ignition at those tests. However, the superb
reflective capacity of granular snow may explain the slow melting at the
fire tests. Another evidence of a lack of radiative effect, as observed
by Evans and Tracy, was that plants near the test fire failed to char.*

* E.C. Evans III and E.T. Tracy, "Observations of Mass Fire 460-14 at

Mono Lake," USNRDL-LR-158, 24 January 1966.
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SECTION 3

CONCEPTUAL COUNTERMEASURES TO EXTINGUISH URBAN
MASS FIRES FROM NUCLEAR WEAPONS

Current countermc sures that extinguish ordinary Lrban fires will
be inadequate to extinguish mass fires from nuclear weapons. Presently
available firefighting manpower, equipment, and techniques cannot be
expected to cope successfully with mass fires because of their size,
number, violent character and damage-control problems. New concepts are
required, concepts potentially capable of being developed into operating
procedures through evaluation, research, engineering and experience.
This section considers reasonable conceptual countermeasures to extin-
guish urban mass fires.

The idea of extinguishment, as contrasted with control, requires
clarification. Extinguishment means to put out, whereas control means
to contain and let burn out. The authors consider that the extinguish-
ment of an entire, gigantic urban mass fire has a low probability of
success with envisioned approaches, but that partial extinguishment is
more hopeful and that control is much more hopeful. It would be pref-
erable that extinguishment countermeasures and control countermeasures
(firebreaks, for example) be applied together, providing as much control
as possible, with a goal of ultimate extinguishment.

Any conceptual countermeasure has uncertainties with respect to
feasibility, effectiveness, practicality, details of application, or
dangers associated with them, Both pros and cons are considered in this
study, the final judgement of the value of a concept being left to fur-
ther research, testing and practical experience, Even after further
study, it is expected that the acceptance or rejection of any counter-
measure, new or conventional, in a given fire situation will depend upon
some predetermined fire policy and upon a decision by firefighting
authorities.

Since a countermeasure will extinguish (or control) a mass fire by
controlling a parameter that governs the fire, it is logical to classify
a countermeasure by means of the fire parameter it seeks to control.
Classificatiori becomes subjective when a countermeasure affects more than
one parameter in a major way. The conceptual countermeasures considered
in this study are classified as (1) those dealing with the fuel param-
eter, (2) those dealing with the topography parameter, and (3) those
dealing with the meteorology parameter.

9



3.1 CONCSPTS FOR EXTINGUISHING FIRES BY rOWrWLLING THE AVAILABLE FUEL

A fire may be extinguished by controlling the fuel available through
cooling and suffocation. The usual way to cool and suffocate a large-
scale fire is to apply water. In the case of the Hamburg firestorm, the
erection of water curtains from large hose streams was found to be
impractical because of the requirement for long relays and a vast number
of pumpers.4h This problem would be even more severe in a nuclear-warfare
situation. Fires extinguished with water sometimes rekindle due to the
effect of adjacent fires when the fuel dries out rapidly, and so it is
sometimes necessary to rewet extinguished fuels to prevent reignition.

Two conceptual countermeasures affecting the fuel parameter are
discussed for extinguishing sections of an urban mass fire: (1) cooling
and suffocating with liquid nitrogen, and (2) cooling and suffocating
with solid carbon dioxide.

3.1.1 Cooling and Suffocating with Liquid Nitrogen

It is at least conceivable that multiton quantities of liquid nitro-
* gen could be applied to a section of urban mass fire to extinguish it.

A refinement of this concept is the cooperative use of liquid
nitrogen together with water. Liquid nitrogen alone, in sufficient
quantities, can "knock out" (extinguish) fires by explosively rapid evap-
oration to an extensive suffocating blanket. However, experiment shows
that the extinguished fuel, which remains dry, has a tendency to rekindle
if the nitrogen blanket is soon breached by air.14 Water does not extin-
guish fires with the suddenness of liquid nitrogen (barring actual
flooding), but it has some effectiveness against rekindling because the
extinguished fuel may remain moist, dry slowly, and cool efficiently due
to the high heat of vaporization of the water. Ther fore, the use of
massive quantities of liquid nitrogen (to extinguish rapidly) followed
immediately by the use of water (to minimize rekindling) is detailed
below as a conceptual countermeasure.

Both water and liquid nitrogen extinguish fires by cooling and
suffocating, water having the greater cooling and expansive (suffocative)
capacity on an equal weight basis, but lacking the property of "knock
out" extinguishment. For example, the conversion of 28 tons of water at
ordinary temperature (680F) to gas at the boiling point (212 0F) absorbs
6.2 x 10? BTU and produces at a pressure of 1 atm a volume of steam of
15.3 x 10 ft3 (for example, 50 x 175 x 175 ft). The conversion of 28
tons of liquid nitrogen at its boiling point (-3200F) to gas at 212*F
absorbs only 1.2 x 107 BTU and produces at one atmosphere a gas volume of
only 9.8 x 105 ft3 (for example, 50 x 140 x 140 ft). It should be
remembered that it is not necessary to displace air completely to prevent
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combustion; a reduction of 4% (to about 16%) oxygen concentration is
sufficient. Nitrogen has essentially the same density as air, so there
is no tendency for air to displace nitrogen upward and away from a fuel.

Liquid nitrogen therefore may be considered for situations where
copious quantities of hose water are not available for wetting fuel and,
therefore, for which extinguishment must be rapid. For example, it might
be used as an airdrop on an inaccessible section of mass fire or on an
inaccessible fire burning through a firebreak. Or it might be used in a
land operation where a section of urban mass fire, perhaps burning through
a firebreak, is approachable for hose work, but where water must be tanked.

Let a possible air-drop procedure illustrate the use of water and
liquid nitrogen: The C-133A military cargo plane is used since it is
capable of carrying 57.5 tons of cargo and has a rear door for massive
cargo drops. A cargo of 28 tons of liquid nitrogen and 28 tons of water
is carried in a few liquid-nitrogen containers and water containers that
are closed, adequately vented, and all tethered together so that they
impact in the same vicinity. The containers are dropped on the fire to
shatter and explode on impact. When extinguishment is successful,
C-133A planes continue to re-bomb the area as often as necessary with
water to prevent reignition. The foregoing procedure would require the
design and development of suitable cryogenic containers for the liquid
nitrogen, a development within the capability of current technology. The
cryogenic containers would need to be cheap and expendable; they would
not need the highest efficiency against evaporation since they would
not contain liquid nitrogen for long; and they should not explode pre-
maturely thru gaseous expansion while dropping thru hot air rising from
the fire.

Also let a possible land procedure and situation illustrate the use
of combined water and nitrogen. A section of fire is approached for hose
work. Liquid nitrogen is delivered by conventional cryogenic tank trucks.
Water is delivered by commandeered* 10,000-gallon tank trucks ordinarily
used for transporting gasoline. Liquid nitrogen is pumped directly into
the fire via a long iron pipe assembled from sections, the nitrogen
gasifying La the hot end of the pipe. Extinguishment is followed by
hosing with water, water trucks running relays if possible to provide
water as needed to forestall drying and reignition. Equipment of the
SCUBA (self-contained underwater breathing apparatus) type would be
necessary to prevent possible asphyxiation of firemen.

The possibility of simply abandoning large amounts of liquid

nitrogen in an area being deliberately yielded to a conflagration should

In the sense of the assumption of private property for civic usage.
Obviously, plans for such use would have been worked out in deatil as

part of preattack civil defense planning.
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not be overlooked. For example, a pit might be hurriedly dug for each

cryogenic tank truck at the scene, and a nitrogen-filled truck might be
driven into Its pit, covered with a few feet of earth for insulation
(adequate venting provided), and blown up by an explosive at the propi-
tious time to help in firefighting. Also, if railroad cryogenic tank
cars with liquid nitrogen are available and cannot be used more construc-
tively, they might be vented and abandoned in the area of retreat if
railroad tracks lead there.

The conceptual countermeasure would require the ready availability
of large quantities of liquid nitrogen. While the cryogenic problems
of storing, handling and transporting multiton volumes are a drawback
to the countermeasure, they do not make it impossible. A tank depot
might be established at a facility hardened against nuclear weapon
effects and located in a nearby rural area of lesser fire hazard. Con-
ventional cryogenic tanks of 26,000-gallon capacity (87.7 tons) might
be used. Because the replacement of evaporation losses (perhaps 0.5%
per day) could be economically burdensome, the tanks might be filled

only at the outset of a national crisis. Also, arrangements might be
made with manufacturers in other localities to provide liquid nitrogen
that could be picked up by C-133A cargo planes in emergencies. In
addition, a sufficient number of cryogenic tank trucks would have to be
kept at the tank depot, and provision made with liquid gas manufacturers
for the use of their trucks in a national emergency. Furthermore,
arrangements would have to be made with the military services or other
agencies to have appropriate cargo planes and crews available on emergency

notice. The use of liquid nitrogen, with and without water as an adjunct,
as a fire-extinguishing or fire-control agent would require testing to
determine its capacity and effectiveness.

3.1.2 Cooling and Suffocating with Solid Carbon Dioxide

The possibilit exists for using multiton quantities of solid carbon
dioxide ("dry ice") for extinguishing sections of an urban mass fire.
Gaseous carbon dioxide and water vapor are the major products of carbo-
naceous combustion. The accumulation of either of these gases in the
combustion zone tends to inhibit combustion, a few percent of carbon
dioxide in air rendering it a nonsupporter of combustion of most carbo-
naceous material. The percent of carbon dioxide in the fire environment
may be increased by the addition of solid carbon dioxide, which has the
capacity for liberating gaseous carbon dioxide over a period of time,
and also for cooling the fuel. While the sublimation temperature of
solid carbon dioxide is -109.3 0F, the solid continues to exist and
slowly sublime ,t higher surrounding temperatures, even when contacted
with flame. 1,, rate of gaslicit.,t n can be increased greatly by
treating it wit water in which it dissolves and escapes with rapid
bubbling. Th. -fore, the use, of massive quantities of solid carbon
dlioxi (i, with or withoit wattr as an adjunct , is discussed as a
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As a large-scale extinguishing agent, carbon dioxide is inferior
to water in cooling and expansive (covering) capacity on an equal-weight
basis. For comparison, the conversion of 28 tons of water at ordinary
temperature (680F) to gas at the boiling point (2120F) absorbs 6.2 x 101
BTU and produces at one atmosphere pressure a steam volume of 15.3 x l05
ft3 . The conversion of 28 tons of solid carbon dioxide at -109.30F to
gas at 212OF absorbs only about 2.4 x 107 BTU and produces at one atmos-
phere a volume of only 6.2 x 105 ft3 (50 x 112 x 112 ft). However, other
factors are undoubtedly important in extinguishment, fire behavior being
imperfectly understood. For example, the ability of solid carbon dioxide
to gasify over a period of time in a hot environment, coupled with its
inhibitory effect on combustion, and the fact that the oxygen concentra-
tion in air need be decreased by only 4% to prevent combustion, might
qualify it as a good agent for minimizing reignition. Furthermore, carbon
dioxide gas is heavier than air by the factor 1.5; thus, large volumes gen-
erated at the base of a fire would tend to displace air upward and away
from the fuel, unless strong winds resulted in much gaseous turbulence.

Solid carbon dioxide can be considered as an air-drop agent on in-
accessible areas of mass fires. Consider a possible air drop as an illus-
trative procedure: The C133A military cargo plane is used. A cargo of

56 tons (essentially the cargo capacity) of granular solid carbon dioxide
is carried in any convenient number of large, closed, ventilated, noncom-
bustible boxes. The granular or snow variety of solid, rather than large
chunks, is used so that there is a large surface area for sublimation.
Altenately, the cargo might consist of something like 28 tons of granu-
lar carbon dioxide and 28 tons of water if experimentation shows that
water is desirable to promote a faster gasification of the solid. All
boxes, carbon dioxide and water, are tethered together so that they im-
pact and shatter in the same general vicinity, If extinguishment is
successful, C133A aircraft return to the area as often as necessary
(perhaps just with water) to prevent reignition. Compressed-air masks
would be necessary to prevent possible asphyxiation of all persons
handling large amounts of solid carbon dioxide.

It would be possible to abandon massive quantities of granular car-
bon dioxide in any desired geometric pattern in an area that firefighters
are being forced to yield to a conflagration.

The large amounts of solid carbon dioxide needed for the counter-
measure could be obtained from stored liquid carbon dioxide, A tank
depot for the liquid might be established as a facility hardened against
nuclear weapon effects and located in a nearby rural area of lesser fire
hazard, The liquid could be stored in refrigerated tanks holding 100
to 200 tons each at -40F and 300 lbs/in,2 maximum pressure. The solid
would be obtained as needed by allowing the liquid to expand thru ori-
fices into suitable containers at atmospheric pressure, the heat of
vaporization being sufficient to cool about half the liquid to carbon
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